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Ahstract

Weathier agencies worldwide are atiempling 1o determine it systemaliv disturbances in climate. such as the Bl Nifio-southern
escillation (ENSO), can be detected far enough in advance so that decisions can be altered 10 betler sccommodate these
disturbances! Mexico is one country where ENSO-related climatic disiurBances have been observed. IT climate forecusters
were ahle todisseminate information on upcoming ENSChinduced weanther patterns with sufficiens lead time, Mexican farmers
couliladjust by altening o varety of crop decisions, such as growing less (or mored water comsumptive crops, planting drought
resastant varietics, or altering plasting times, This coubd have s positive Impact on crop production, enhancing food security,
Fermers” incomes, and social welfare. The purpose of thus paper 15 10 value such [orceasts in a Mexican agricultural setting.

To assess the econonie vensequences of climate arlsing from vadous ENSO phases. estimates of regional crop yield
sensitivity for key crops were modeled using a crop bophysical simulator. The value of a tforecast 18 then measured by the
expeted inerease in cconomic benetits tue o changes in cropping patterns, production and consumption ansmg from the
yield echanges under each ENSD phase forccast. These coonomic estimiates are derived from an economic model of Mexica
agricultre. The value af the ENSO information will depend onits scewracy in terms of predictions of the weather consequences
ol each phase.

The cconomic medel is 4 stochastic, prive endogenous, mathematical programming model that represents agronomic and
econonmic conditions in a fve-state Mexican region. This model depicts agricullural behavior soross the three ENSO) phases
and provides the basis Torcaloulating the value of information, The bencfits of an ENSO early warning system fur Mexico
s approximately USS 10 mellion annually, bused on  31-vear ime period of ENS0 frequencies aml when a forecast skill
of T0% isassumed. This value ranslates into an mternal rate of return for such an carly warning svstemy of approximately
30%. The values for hagher skill levels sre correspondingly higher, The values estimated here should be viewsd as lower
bound estimates of the value of an ENSO early warning system because benefits are not estimared for other pants of Mexican
agriciliure, such as non-commercial {subsistence) agricultural arcas. areas where there is only 2 weak ENSO signal that is
not very predictable, and the livestoek seetor. Also, benefits here do not inelude benelits that could occur with adjustments in
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CNErgy generalion. waler management. or any other economic sectors thit may Be positively affected by the existence of an

EMNSO early warning system,
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l. Introduction

Weather agencies worldwide are attempting to de-
termine 1 systematic disturhances in climate can be
detected far encugh in advance so that decisions can
be altered 1o better sccommodate these distrbances,
The climate effects of the El Nifio-southern Gscilla-
ton (ENSO) are ong such ilem of concern, ENSO
refers to semi-periodic changes in the tropical Pa-
cific oeean-utmosphere syatem ( National Oceanic and
Atmospheric Administration, 20000, Although the
ENSG phenomenon occurs in the tropical Pacific,
the associated climate effects oecur an a more global
seale (Glantez, 2001), and. in turn. have hroad regional
implications for crop vields (Legler et al, 1999-
Mijelde et al., 1998, Tzaurralde et al,, 1999).

Mexico s one country where ENSO-related ¢li-
matie disturbances have been abserved. Variations in
climate characteristics and reservoir inflows for some
regions of Mexico have been reported (Magana et al,
19499 und Acosta, 1988) for the three ENSO phases
(El Nifio, La Nifa and Neutral), In addition, there
are variations in weather patlerns ncross Mesico dur-
ing u given ENSO phase. These changes in seasonal
weither patterns and streamfows have been associ-
ated with alterations in agricultural vields in impor-
tanl agricultural regions of Mexico (Magana et al.
995,

If climate: forccasters were able o disseminute in-
formation on upcoming ENSO-induced weather pat-
terns with sufficient lead time, Mexican farmers could
adjust by altering @ variety of crop decisions. such
as growing less (or more) waler consumptive crops,
planting dronght resistant varieties, or altering plant-
ing times. This could have a positive impact on crop
production, enhanding food security, profits, and so-
cial weltare. Such benefits have been found in stud-
ics in other regions, For example, the value of ENSO
forccasts to US agriculture has been found o he pos-
itive in a series of studies { Adams et al., 1995: Solow
et al. 1998 Mjelde et al., 1998; Chen et al.. 20011,

The purpose of this paper 15 o value such forecasts in
a Mexiean agricultural setting,

2. Background—>Mexican agriculture and
climatic sensitivity

Magama et al."s (1999 study of the impacts of the Fl
Nifio phase on Mexican climate indicates that most E}
Nifio years exhibit reduced surmmer months precipi-
tution, and reduced winler season intlows to reservoirs
ithy about 0% ). Acosta (1988 ) observed that 1nfiows
o reservoirs tend to increase when the El Nifio phase
ends. An examination of historical agriculiural statis-
lics show E1 Nifo phases have been associated with
erop failures, increased idling of lund and reductions
10 agricultursl yields. For example. during the 1982,
1986 and 98T Bl Mifio vears, 97, 86 and 73% of land
under rainfed crops in the semiarid north central regian
of Mexico was idled. compared 10 13% on average
over the pust three decades for dryland crops in Mex-
o (SARH. 1986} The impacts of ENSO events on
riunted gariculture in Mexizo are important, given that
approxunately 80% of land m Mexico s nan-irm gated.

The strongest ENSO signal in Mexico s found
across the important agriculoral states of Jaliseo,
Guangjuato. Mexico, Michoucan, and Tamaulipas,
These states are located in the temperate 10 subtropical
central portion of Mexico and produce a wide range of
crops. In aggregate they produce over 30% (by valug)
of national agricultursl production in Mexico, In view
of their agricultural importance and the presence of a
strang. ENSO signal, these live states were chosen as
the empirical focus of this empirical analyses.

The five states selected here are characterized by
predominutely rainfed agriculture, Thus. changes in
precipitation and temperature under various ENSOQ
phases have the potential toalter vields, The effects of
ENSO phases in terms of temperature and precipita-
Lion are presented in Table | for the five states, As i
evidenl from the table, EI Nifo s and La Nifa's have
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Tahle |

Annisl average lemperature” (Max and Ming and precipitation” by region and ENSO.phase clisate anomalics (1960-1959)

Region Mentrul E1 Miitn {diff ) La Mt (diff, s

T T Precipataticn f T o Frecipitarion T Tetin Precipitation
Menico 2T T.52 03,201 025 —[3:12 -3 1M —1.12 2R3
Cithutsiginto 26,149 Q.85 Hi4 140 —{1.50 1.4 240 [L53 -1.20 1.6
Falizgo el 12,34 RT50 -3 h& {L56 ] .37 —i1 2 2.20
Michoacus 1645 11,33 TRGA0 .50 15 3,30 15 —.3% - jd
Pirmalipas 20.1K) 1 frted 344 50 —(192 0.97 3025 015 —0. 13 L |

Temperamire i degmees Celsius, averaged across the.calendar sear i the I0-vear period.
" Precipitation is in millimeters for the calendar vear, avernged acrows the 20-vear pertod.

generally consistent affects as remperatures across the
fve regions (El Mino™s tend 1o be warmer and La
Nifia's cooler). However, the effeets in terms of pre-
cipitation are mixed: in some regions, both phases
show increased precipilation relative w the neutral or
norial case (ulthough the increases are greater under
El Nifio's), These climute anomalies are Likely to lead
Lo changes in yields. both across regions and ENSO
[hases,

3. Procedurcs

Tor examine the consequences of ENSO phases in
this region of Mexico, we chose a set of 24 of the
miist econamically important crops, ranging from high
value {per acre) vegetable crops to lower value ficld
craps, Production duta for these crops were obtained
from the Secretaria de Asricultura, Anuario Estadis-
tew de la Production Agricoly de Jos Estados Unidos
Mexicanos. All crop hudger und price data were con-
verted to current values (year 2000 PHESOS) using an
index of prices received by producers ohiained from
the Banco de Mexico,

Region-specitic farm level crop production prac-
tees and costs of production for imigated and rainted
crop production by season were obtained for each of
the crops in the five states. Crop buduets were ob-
Lained from the Caollege de Post Graduadoes Institom
de Ensenanza ¢ Tovestigacion en Ciencias Agricolas.
These budgets include detailed information regard-
ing production technical coefficients, unit prices of
products. inputs, such as fertilizer, seed and labor
costs and land rental rates, which were provided by
each State Department of Agriculiure representative

(Detegado Estatal de la Secreturda de Agriculiura v Re-
curscs Hidraulicos). Local machinery suppliers in each
state provided machinery and equipment mformation.
Wiler prices for irrigated crops were obtained from
the water tariff of the National Water Commission
(Comisidn Nacional del Agua, 20000, and electrcity

prices were obtained from the tarift rates of the Fed-
eral Electnicity Commission (Comision Federal de

Electricidad, 200114 Since these budgets were hased
on monetary values from 1990 w1992, they were
updated when possible with more current crop hadge
data obtained from Fideicimisos Instimidos en Rela

cion con ln Agricultura (FIRA), When this was not
possible. the vatues were updated to year 2000 pesos
using the index of prices paid by producers ohiained
from the Banco de Mexico,

To assess the economic consequences of climate
arising from vanous ENSO phases, esumates of re-
gional crop yield sensitivity for the selected crops.
under the three ENSO phases were needed. Be-
cause the intenbon was to identify ENSO impacts
on Mexico's agriculture. @ modeling effort able
predict crop vield under ENSO conditons was ap-
plied using weather generation in the process-based
erosion-productivity impact caleulator (EPIC) model
developed by Williams (19935 ). EPIC has been a major
ton] for land use planning and sail management prac-
tices evaluation in the US since the [983 Resource
Conservation Act, when the model was expanded
and refined to allow simulations of many processes
important for agricultural management ( Sharpley and
Willaams. 1990

EPIC 15 a continuous simulation model that can be
used o determine the effects of management prac-
tices on agricultaral production and soil and water
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resources, Its mgjor  components  are stochastic
weather simulation. hvdrology, erosion—sedimenti-
ton, nutrient cycling, pesticide fate, plant growth. soil
temperature, tllage, cconomics. and plant environ-
ment control {(Williams, 1993 In southern Mexico,
EPIC was applied to explore the sustainability of comn
production systems using conventional and no-illage
svstems on steep lands (Villar, 1996),

Crop productivity in regional representative [arms
af five states in Mexico was simulated under the pres-
ence of ENSC events: Ll Nidio (ENJ, La Niga (LN}
and Neutral (M) conditions. This was possible by
constructing @ data base containing climate. soils and
crop management information of production svstems
allocated in economically important agroecological
tegions. Crop management and soils information
from the state representative agricultural systems
{representative farms) were provided hy scientists
of the Institueo Nacional de Investigaciones Fore-
stales, Agricolas v Percuarias (INIFAP) allocated at
the State Experimental Stations. EPICs process-bused
crop and biophysical simulation model was then ap-
plied to identify crop responses under climate stresses
assoctated with the ENSO phenomena.

EFIC offers a soite of methods o estimate inter-
nal parameters and variables according 1o availahle
data and local biephysical conditions of farms. Specil-
ically. the effects of ENSO scenarios on agriculture
were simulated by munning the model under climate
generation mode. To perform this operation, monthly
weather statistics of mimimum and maximum temper-
atures and precipitation totals were calculated using
daily data recorded at climatic stations corresponding
to the representative farms in each state; means, stan-
dard deviations. skewness, number of rainy days. and
transition rainfall probabilities (wet day after wet day,
and wet day alter dry day). These statistics were input
into the model for climate generation o perform the
30 year ENSO scenario simulation (196001989} (EN,
LN and Neutral). Major EPIC output variables of in-
terest in this project were; actual and potential Vi
ofranspiration, irrigation demand, biomass and grain
production {yields). The resulung yvield changes (from
Mewtral) for the ENSO climate anomalies represent
the affects of “average” EN and LN evenls observed
during the historical period, Thus. the analysis does
nol address specifically the issue of varying strengths
within an ENSO phase,

Tahale 2
Yield résponses to ENSO phases for delected crops; by segion and
Heas0n

Ruging Crinp S Chasge

El Nz Ea Miria
Fall-wenter imiganed crops
Cienzgiato Bacley aram 3.0 1414
Ciurmuulo Beans (515 =136
Jalisea Corn grasin 1.3 —-iln
Fumaulipas Corn prain 1572 6.5
Faumaulipas Cotton —{12.4 (M0
Talwsoo Melon S & b
Talisco Malun 54 —133
Muictwacan Melan 1200 — 284}
Wlex oo Fomati R0} 033
Michouwcin Pt —~134) 93
Tamaulipas Sorghum griin EER] 124
Fatiscao Tosrnatis S ] —EN2
Mexica Trrrmatn —(14 ] ~54.5
Michnacan Toamzin 17.4 ~435
{uunauats Wheat prain —~[ML6 021
Juhscn Wheat grain 7 (8.3
Michoucun Wheat rain 4.2 ol LB
Fall wimter ramfed crops
Tarmaulipias Cotren —41.6 113
Tamviznlipas Serghun grain —Ting Pz
Spring-suminer wrigated crops
Cuimmaguatn Beuns .2 G20
Jalisen Beuns k244 (FE
Tabwsen Carn prin 15.0 ~¥54
Mexizo Corn graiin 1.1 0l
Mickoacun Corn zrn 2 2.9
Tamautigas Corn 2ran g RN
Cunzjuaia Parato (h 1 -2
Michoacan Potaro ] 1
Cruamifuars Sorghum grain 122 1.1
Talesen Sorghrm grain - |3 5 (1%
Taszaulipas Serahum zrain 05.7 .9
Talisgiy Teormare -1 25 —13. 1
Wik Tomita i (4.5
Michoacan Tomuto AR (K3
CRUAME LT Bedns —{15.0 2
Jalisco Beans 1153 z.a
Michnacan Beans XA 26841
Spring—sumimer rainfed rops
Tamaulipus Beans 42 —05E
Gt {20 grivin h2H Ui
Faliseo Lom grain 07,5 —11.5
Mexico o grain 197 - 148
Michnacan Corme grain —1.5 1z Sy
Tamaulipas Corn grain —220 12,3
Tasrulipes Codton -1 8 28
Tihiseo Potata —0L3 —02s
LEETIHTRIS Sorghum griun —{x32 024
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Table 2 { Cinbinued |

Region Crop e Chinnge

El Nifo l.a Nifn
Falsgo Sorghum grain —I[R1F 4.4
Michacan Sorghum grain —TTR =20l
Tamiaulipas Sorghum gram (151 [k2.4)
Tarmaulipas Suwban s —124
Muexicn Tomiio 1] —}H

The EPIC model computational methods applied
were; potential evapotranspiration using the Penman—
Monteith (Monteith, 1965) equation, awtematic: heat
unit scheduling was set for plant growth based on a
predefined crop management calendar, and water de-
mand by crop was set at aulomagic irrigation to induce
plant growth at maximum: evapotranspiration, Crop
management practices defined in the EPLC model inpue
file corresponded to applied practices, dates, machin-
ery and products required for soil preparation, plant-
ing, fertilization and contral of weeds and pests by
the farmers. The percent changes in crop yields for
each state for selected crops, by ENSO phase, are pre-
sented in Table 2. The resultant crop vield responses
viry by season, type of production (rainfed versus ir-
rigated productiony and location. In general, rainfed
crap vields decline under EN events and incregse un-
der LN events, Irrigated crop vields display greater
variability (no consistent pattern) due o the complex
interaction between rain and irdeation water and tem-
perature far crops grown under irrigation. For exam-
ple. rainfall during the growing season may actaally be
harmful to irrigated crops. depending on their phono-
ogical stage. Rainfall at critical crop stages may ac-
tually reduce sced set as well as the quality of the
crap. A more detailed discussion of the procedures
used to caleulare yield changes across ENSO cvents
and a hsting of responses for all crops included in the
analvsis may be found in Adams et g1, (2001,

4. The decision framework for valuing
information

The framework for valuing ENSO information is
hased on Bayesian decision theory and has been used
1 pssess the value of weather forecasts in other coin-
texts isee for example, Katz et al, 1982; Sonka et al,,

19871, This framework has been used in 2 number
of previows ENSO valuation efforts (Adams et al,.
[995; Solow et al. 1999 Chen et al., 2001, In this
study, the value of a forecast will be: measured hy
the expectad inerease in economuc benefits. arising
from changes in cropping patierns, production and
cansumption motivated by the torecust information
concerning each ENSO phase. In the case of Mexi-
can agriculture, i 3% assumed that without an ENSO
early warning system—ihe no-forecast case——farmers
make planting decisions that have performed well
under the full dismibution of climmic conditions
observed n the past across all ENSO phases. Tt is
assumed that with an ENSC earlv warming system
m place, Mexican farmers will be given information
identifving that a paricular ENSO phase will oceur
and that in wrn they would change cropping deci-
sions o adapt o the altered weather characteristics
observed historically under that particular ENSO
phase,

The value of information s measured as the dif-
ference in svcial welfare under the “no forecas” sce
narioand the “new information” scenario, The value of
this information will depend on its accuracy in terms
of predictions of the weather consequences of each
phase. This value will be positive as long as there
are sigmificant. valuahle, production and consumption
adaptations that can accommodate altered vields asso-
ctated with each ENSO phase.

This approsch may he formalized in terms of
Bayesian decision theory, Let & denote the ENSO
phase, and X a cropping pautern chosen by the farmer.
The possible values of § are El Nifio, La Nifa, or
Meutral ENSO phuses. Let ES denote o realization of
Fand let plXYES) be the welfare for cropping pattern
X if the realized ENSO phase is ES. The expected
wellare for X(WiX)), given that there is no ENSO
prediction 15

cxpected] WA )
Xy ES .
2 (3 o (2 =
y ES )

where Prob{ #' = 3) is the probability thut the forecast
for phase § arises and Prob{ES/S) 15 the probability
that state ES arises given the Forecast is for state 5.
Finally Xy is the cropping decision given the forecast
af 5.



3 RoM. Addinee ot wl FAgviendiirnl and Forest Metearology |15 (200810 157 ]9

For a given ENSO phase ES, the welfare is found
fromm a model which determines the optimal cropping
and consumption patterns given a forecast. using an
economic model of the agriculiural sector discussed
in the next section,

In the absence of an ENSO phase prediction. the
expected economic surplus is assumed to be given by

X X o
expected (W (W)J = %p( ES J Prob(ES)

where p{XJES) {5 the economic surplus grising from
a regional sector model when X 15 not adapted and
the Prob{:5) probabilities are the likelihood that cach
stute will eccur,

I torn, the value of the forecast is the difference

between the two above welfare measures, This value of

the ENSO forecast (or the ENSO early warning system
giving rise to the forecast) 15 o long-term concept, In
any given year, an incorrect prediction may result in
a4 loss. However, on average the use of the prediction
will Tead 1w an increase in profits, consumer surplus,
or bath,

5. The economic valuation framework—an
economic model of regional agriculture

The economic mnodel used to translate yield
changes into economic values is a stochastic, price
endogenous. muthematical programming model that
represents agronomic and cconomic conditions wn the
Hve-state: Mexican region, Such a model simulares
perfectly competitive: farm behavior where farmers
equate average revenue with the cost of production
tus eaplained in MeCar] and Spreen, 1980 Lambert
et al., 1993). The medel is conceprually siolur 1o the
models employed 0 the assessment of ENSO phases
in US agriculture fe.g. Adams etoal, 1995 Solow
efal, 1998 Chen e al., 2001)

The sconomic model simulates sereage allocation,
crap prices, wtal production and input usaze under the
expected or lorceuast climate conditions. Production,
consumption and crop prices vary by ENSO phase (Ll
Nino, La Nina and Weutral), The objective function
provides an estimate of social welfare under cach fore-
cast assumption that equals the sum of consumers
and producers” surplus. In turn, wellure can be decom-

posed inte measure of welfare for agricultural produe-
ers and consumers. In addition, the model also reports
changes in cropped acreages, prices, production and
input use, a5 well as other mewsures of agricoltural
sConumic acliviy,

5.1 Comnpomenty aof the model

The economic madel depicts crop-based agricul-
ral activiey within the Gve stites of Guanajuata,
Fahisco, Mexico, Michodcan and Tamaulipas. Specifi-
cally, the model depicts acreage allocation among 23
crops disaggregated by state and season of produc-
tion (fall/winter. or spring/summer) under & mix of
irvigated and rainfed production patterns.

The model contains a set of market level demand
lumctions that allow estimation of the changes in
price resulting from supply shifts associated with the
three ENSO phases. The price and quantity changes
lead 1o changes in the welfare measures. The de-
mand functiens were estimated based on 10 years of
price and consumplion data for each of the 24 crops,
The demapd estimation results indicidre that ¢ighy
crops faced downward sloping demand relationships,
i.c. the region 15 a major producer of each of these
cight crops. These demand curves are estimated in
price-dependent form as constant elasticity demand
functions, This means that the percentage change in
price for a given change in quantly 1s conslant across
the demand curve. However, the elastcities do vary
by crop. The remaining 16 crops from the region
were determined to be price takers ino stutistically
significant effeet of production from the region on
national-level prices).

Agricalural decision-making is typically limited
by resource availahility, access o capital and other
factors. The model included these constraints in two
wavs. First, land constraints were entered, with the
cultivable acreage by season set o the maximum ob-
served agriculiural lund use berween 1993 and 1998
across the 24 crops o each of the live states. Land use
was distinguished by tvpe of production (1rmgated or
rainfed)

Second, crop mux constrainls dare included that im-
phicitly represent other resource constraints reflecting
agronomic restctions. capital, resource availability
und other factors (as discussed 1 Onal and MeCarl,
1991, and McCarl, 1982). These constraints are
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mneluded for itrigated and ruinfed crop mix condi-
tons. In particular, these historical farm crop mix
chaoices implicitly have embedded within them farm-
ers chofces across all production possibilities of the
limitations imposed by rotation, resources, and other
technical factors. The crop mix constraints were
drawn from 4 years of historical records (from 1980
to 1998} The use of histoneal crop mixes exphetly
recogmzes that farmers do respond o ENSO events.
Thar 15, since these 19 vears cantain all three ENSO
phases, they reflect farmers planting decisions under
ENSO-events, in the absence of {urecasts.

A key assumption in the model involves ENSO
phase  frequency  probabilities. Three  assumptions
were developed, two depending on historical abser-
vations and the third on o recent projection of ENSO
frequencies under climate change, For the historical
series, the frequency of each ENSO phase over two
recent time periods are used: a recent 19-year periad
from 1980 to 1998, and u 51-vear period from 1951
to 2001, where each ENSO phase is defined by the
Tapanese Meteorologieal Agency (IMA) ndex. The
IMA Index is a 5 months running mean of spatially
averaged sea surface temperature ahnormialities over
the tropical Pacific. The frequency of ENSO phases
for the most recent period (1980- 1998} features o
higher percentage of Meutral phase years. As such.
it ix expected that the value of information will be
less for this scenario than it would for a scenario
with more extreme phases. For the 31-year ime span.
there is a higher frequency of La Nifta phases and a
lower frequency of Neutral phases than the 19-year
time span, The thind set of frequencies analyzed were
frequencies simulated by Timmermann et al. ( 1999),
which were calculated assurming increasing levels
of greenhouse gases, as assumed under Intergovern-
mental Panel on Climate Change projections {TPCC,
19932), These frequencies assume that the occumrence
of El Niae und La Nifia vears will increase. such
that each ENSO phase ocours with almost the same
frequency. The frequencies for each fime period are
reported in Tahle 3,

5.2 Model wse
The dervation of forecast value lor the ENSO

phenomenon depends on comparing the Base case
{no-forecast” cused with & mode] solution: generated

Tahle 3
ENSO phise frequencies under fheee time perind assumpiions

ENSCY frequency ENEO) Trevguency or probability

El Mifia

La M MNewreal
[S-year period | using (L2680 (L0 (L]
IMIA inddexy
Feyear penod (using 0.255 1,235 1,510
IMA Inddest
IPCC priections onder R 13,210 351

climate change®

" Source; Timnerrminen e al 1990

under gssumptions representing ENSO forecasts, The
Buse case represents the solution of the economic
model under current ¢ [ 995-1998) weather, agronomic
and economic conditions, Note that wellare resulis
from the Base or no-forecast case are then compared
with welfare results from a model run with ENSO
Forecasts, Distributional aspects of these results are
also explored. The annual stream of benelits 15 then
vompared to the annoal stream of costs 1o obtin a
net present value and an internal rate of return for
mvestment inoan ENSO information systenn. Finally,
A sensitwvity unalysis is performed w determing the
tradecffs in net present value associated with alterna-
live levels of forecast skills versus the adoption rate
by farmers of the ENSO garly wurning system

3.3 "Na forecast” model comparison { Base mode!
valteletion)

Fowecast values derived from this or any maodel are
ab littde use if the mode] does not reasonably replicate
current conditions (with no forscast). To examineg the
rerformance of the model solutian in replicating cur-
rent conditions, the Base case solution is compared
with histarieal (1995 w 19814 lund use. production
und prices reported by the varous state and federal
dgencies In Mexico for the five states evaluated here.

The total hectares in production estimated by
the model in the Base case are similur to historical
acreages. The total heclares of production for the
crops modeled in the five states Fulls within 3% of
the historical avernge— 600,000 by bt helow the
maximum historical hectares in preduction, which is
approximately 5800000 ha. The number of hectares
in production in cach of the five states is similar 1o
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historical averages. Specifically, in the Base muodel
solution, the states of Mexico and Jalisco are almost
equal 1o the historical average hectares of production,
and the other three states range between 75 and 1 25%
af historical average acreage in production.

The final component of the comparison involves the
reasonableness of the estimated production and price
levels, Given that this is a price endogenous model, 1t
15 important that it generate prices that are consistent
with actual (historical) prices. The predicted and his-
torical prices (average of 19801998 period and for
Ll Nifio or La Nifa years) are reported in Table 4.
All predicted prices are within 3% of the historical
range (between mean and ENSO phases). The perfor-

Titlde 4
Histoneal prices (198 1=1%981 and  modeled prices; in-vear 2000
[resins

Viarizhle Aty

Muosdelid
- (Base case)
Meun El Nifie Lo Nifia o
A : i prges
) price price price
Basicy groin 2188 JA02 | BE5 2113
Heans HEhd i 5831 f(I32
Broccnl ST Al FaLu 2427
Carrot 12035 ThS 2260 1033
Clovrne grain 2040 2525 2620 2536
Com silage 49 Al 538 478
Cotan 44260 ThI3 5651 Jusy
Chick poas g 2616 2067 [RARE
Giarlic Thbs ROl ah73 GTAR
Cirecn pepper 5553 fils 2100 4420
Lareen toman 4117 SRR} 1167 EERL
Melon 2732 23310} 65} il
Oul slagre Tis 552 599 36l
Chraon 1732 270 2651 g
Pesis 4756 £THS 4742 4TS
Pepino His1 1124 2187 142
Fatat 384 33T 33 LF i)
Sorghum grsn 2011 1576 1427 1501
Sorghum silage 305 S 455 475
Sovhean 3627 Uy g 3288
Struwherry 70 Gaal) a2 3453
Tt A 876 15497 407k
Watérmelon 2084 78 M 1947
Wheat gram 2150 BT 1772 2111

Suurce SAGAR,

! Modeled prices are for the entire 19-vear period

" Mesin price is iveriged over all ENSOY phises for the entire
19 vegmr peerionl.

“Fl Nifiv prices ure for EI Nifio years (1952, 1986, 19457,
1998 and [997,

e Nidt prives are for Lo Nifia vesrs (1988 and 1998,

mance of the model in replicating acreages and prices
is taken as an indication that the madel is performing
i an acceptable fashion for the valuation analysis to
be performed here, _

Finally, it is useful to examine the plausibility of
the objective function value. In general, when elastic-
ities for linear supply and demand curves are equal
tor | funitary elasticity ), cconomi¢ surplus und gross
value of production should be very similar, because
both measire similar geomeinic arcas under the de-
mand curve. Tn this analysis, the elasticities vary (some
higher. some lower than 1), but over the range of crop
they are approximately unitary, [n this Base case, the
objective funciion value (valoe of consumers™ plus
producers” surplus) is approximately 5 168 hillion
pesos, Total value of production, (ot revenue from
crop production} for the 24 selected crops grown in
the five-state region (during the 1995-1998 penod).
s & 177 billion pesos, which is of the same rela-
live size. The similarity between the objective function
value and the total value of production corroborites
the validity of the sereage and price estimates from
the model presented in Tuble 4.

54 Benefits of an ENSO early waiming svstem

Evidence suggests that ENSO events range in
strength and that early waming svstems improve the
accuracy of forecasts of seasonal weather actually ex-
perienced by agneolture (lzawrralde @ al,; 1999), The
vitlug of ENSO forecasts was developed under two
assumplions concermng the accuraey of such seasonal
weather forecasts. These accuracy assumptions relate
to the character of the resultant climate event experi-
enced by spricubture under un ENSO phase forecust.
Specifically. we developed actual climate data for the
averuge phase event in cach Mexican stute and then
rad the model where the phase evenr realized under
the forecast was identical 1o an average event under
thit phase, This ¢ssentially 15 a perfect forecast. We
also developed estimates on-a “mixed sirength” ENSO
event, Mixed stwength refers o situations where the
actual climatic conditions experienced under a given
phase ditfer from what 15 expected. Tn this case. it is
assumed that when o given ENSO phase was lore.
casted, 70% of the tme the weather would be like the
avernge for thut phase and the remaining 30% of the
time it would actually resemble the other twa phases
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Table 3

Agncaltural benefits of an ENSChearty warming syatem in million TS dollars Year 20060

| Hovyear NS0
htstoncal probahilioy

Walue of perfect skill forecast 467
Vilue of 7o skill lotecist bl

ta 13% probability of each phase). This mixed ENSO
outerme is an imperfect forecast. The resulting eco-
nomwe values of the perfect and imperfect forecasts
for the three ENSC frequency assumptions are given
in Table 5. The discussion below focuses primarily
un the imperfect seasonal chimate forecasts (accurate
T of the tme), given that it is unlikely that true or
perfect forecasts could be ever achieved,

The difference hetween the objective function value
for the Base cuse, or no forecast seenario and the 70%
skill forecast for the 51-yeur time period repotted in
Tuble 5 is approximately [0.3 million US dollars an-
nually, Thus. it farmers adopted crop mix sirategies
each vear in response e ENSO forecast information,
the overall gain inowelfare would dverage approsi-
mately 10 million dollars, although in some vears they
would be expected o do bener or worse. Under the as-
sumption of & perfect forecast, where producers plant
the aptiml crop mix for each ENSO phase. the gain
n annual gconoime welture would be approximately
47 million US dollars, These results, coupled with the
other forecast sccuraey and frequency probabilily as-
sumptions. lead to arunge of anneal benefits estunates
Trom TIS5 8.3 (1 9-year time period) to 1SS 19 million
tassumed changes in ENSO phase frequency due to
global warming) tor the 0% skill forecast. That per-
fecl forecasts are better than imperfect forecasts is as
expected, Also the forecast value rises the more fre-
quent the incidence of extreme phases (non-Neutral
ENSO phases) at least across the three ENSO fre-
quency scenarios mn here.

The benelit estimates for an ENSO early wam-
ing system represent the benefits obtained from the
five Mexican states of Guangualo, Juliseo. Mexico,
Michoacan, and Tumaulipas, which account for ap.
proximately 32%, by value, of Mexico's agriculiral
production. 1t 15 expected that an early warning svs-
tem will have liede effect on the 30% of Mexican na-
tional production represented by the states of Sinaloa,
sonora, Chibuahua, and Bags Calitorniu. because the

Floyear ENSO
Bistorical probability

Climate change mduced
ENE0 prababiliy

47.4 621

1.3 244

ENSO signal for this arca of Mexico is weak (M-
wanal. In these stares, no statistical relationships be-
tween ENSO states and climate can be found and thus
the levet of forecast skill would be very low, However,
itis expected that improvements in production in the
five states where ENSO forecasts are emploved will
reduce prafits elsewhere, due to an increase in produc-
tion of some crops and & subsequent national reduction
i prices for the subject crops for which this region
has a significant market share, As w result, the use of
EMS0) torecasts in one region of Mexico may reduce
welfare elsewhere, These effects are not dircetly in-
cluded here. although the price forecasting equations
reflect interdependencies across regions in Meaxico,
Conversely. the value of the ENSO early warning sys
tem may be somewhuat higher when other states, which
wecpunt for the remaining 40% of value and represent
miore subsistence-oriented agriculture, are considered.
However. 10 15 uncerain whether subsistence farm-
ers will be able to respond to information regarding
climatic conditions as readily as commercial farmers.

An important factor to consider when evaluatng
the benefits af an ENSO carly warning system, or any
other public investment decision, i3 the distributional
impacts of such sn iovestment {(i.e. who gains and
who loses), In this analysis, the distibutional issues
primarily centér on the differences between produc-
ers and consumers and hetween regions. As reporied
above. ner secial wellure increases by ahour USS 10
million per vear, This USS 10 million is the total
of producer and consumer surplus. Chverall, the con
sumer surplus (welfare) decreases slightly from the
Base case (hy 3%) while the producer surplus (bene-
fits) merease by about 6%, This s because producers
use climatic information regarding ENSO phases
minimize the effects oo profits, Specifically, they ad-
Just crop mixes o those crops which perform hest
undar each ENSO phuse. In doing so, production ol
some crops, particularly staple crops, increases rela-
tivee t0 the Buse case while other frops experience
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Tahie
Percent change. in hedwres planted, by erop, under each ENSO
phase

Selevted crops EI Ninw La Nifia Mentrl
VLTS yeurs vears
Bewns — 1.4 4] (4]
Com-grain —54 15 1.k
hn salage KA} 154 0,41
Chigen 4.2 1.4 14l
Surghinm aram A0 &, - Lk
Wheat grain 0.0 B0 0.
All crops =230 {3 0.1

reduction. This reduction transiates oo hizher prices
for these crops, which reduces consumer welfare.
Tuabie & illustrates some of the underlying changes
in cropping decisions that tike place in the model solu-
tions under the increased information regacding ENSO
forecasts. Specifically, an early warning system resulis
ta net 23% decreuse in total hectares planted during
El Nifio years. compared 1o the Base case. The early
warning system also results in a slight net increase
in hectares planted during La Nina and Neutral vears
af 0.3 and 0.1%, respectively, compared to the Base
case, While there 15 a pet decrease in hectares during
El Nifio yvears (and a slight net increase during La
Nifia and Newiral years) the net change i mdividual
crops does nat always follow that pattern. For exam-
ple, in ElI Nifo vears, the hectares of beans (4 staple
crop) planted decreases about 2% but the hectares in
anions increases by over 4% In La Nifa years, there
15 8 net increase inthe hectares planted in corn gran,
oat silage and wheat grain, bur a decrease in hectares
planted 1o sorghum grain. The hectares of corn, which.
like beans. 15 a staple of the Mexican diet. increases

Table 7

by L5 and 119, respectively in La Nitig vear and
Meutral years, but decreases by 6% in El Nifio years,

These chunges in hectares planted also have an im-
pact on total production of cach crop: There is an in-
cregse in the quantity produced of most crops. with the
largest increases heing in broceoli, a minor crop, and
soybeans, und o reduction in the prodoction of some
crops, such as barley prain, oat silage. and wheat,

The distribution of effects across regions mayv also
require policy attention. For example. il 4 substantial
amount of land 18 left uncultvated in a particular re-
aion, it could havea large impact on the income of the
local fabor force. as well as wericulural support sec-
tors, such as fertilizer and seed suppliers, For exam-
ple, results indicate no impact on otal hectares planted
in the resions of Michoscan and Mexico during El
Nifio vears but a 48% decrease in heclares planted
in Tamaulipas, as farmers reduce potential lnsses by
idhing land: Thus, policy makers may want o con-
sider policies that woold lessen the economic umpact
to those states that are impacted the most when El
Mine or La Nina vears are expected.

The valve or benefit of the ENSO early warning
system, can dlso be compared 1o the cost of estahlish-
ing and implementing the carly warning svslem: esti-
mated by NOAA © be USS 13 million for the inital
investment and UIS% 3 million for annual operational
cosls (Adams et al., 20000 Table 7 gives the resuls of
net present value and internal rate of return caleula-
tions assuming no benefits in yvear | and a S-vear phase
i {with 20% of the additiona] benehiss acorunyg cach
year of the 5-five vear phase in and full benefits from
vear b onward). Under these varions assumptions. the
benefits of the early warning system far outweish the
costs. This is reflected in the internal rate of return on

Prescat value of Benefits aod costs wnd sntemal rate of rétorm under three ERNS0) frequency <cenarins in million LIS dollars

EMS0 cvent probabilities Accuracy of

TSI benemts (3
1-vieur penod Perfect SR
T w13
Sl-vear period Pertect A66.7
T 104
Clivoge change mduged Perfect 6372
EXNS0 frequeney Bl 2558

Present value of

Prasent vilue Internal rate

wl wosts 43)

Met present value

of projact 1B) aof return 15

515 4284 2205
B KR Sy
i 435:2 2356
515 530 304
Sb.3 SHTA 44
S0 AH3 i

The vulues réported here are converted from pesos to dollars wsing the 2000 comversion rate of approximately @ Pesos o the US dallor
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such a system. For example. the internal rate of return
for this system under these assumptions is-over 30%
lor the T0% accuracy forecast using the 3| -year time
period. The rate of return rises to approximately 905
if extreme ENSC phases increase in the future.

6. Summary and conclusions

The benefits of an ENSO early waming system
for Mexico, us represented by the states of Guanuju-
ato, Jalisco, Mexico, Michoacan, and Tamaulipas. is
approsimatzly. LSS 1Y million annoally, based on a
S1-year time pericd of ENSO frequencies and when
i forecast skill of 709 is assumed, This value trans-
lates into an internal rate of retwm for such an early
warning system of approximately 30%, The values for
higher skill levels are correspondingly higher

The net present value of the ENSO early wirn-
g system of T0% accuracy ranges between USE 36
and 35 million, depending on the frequency of ENSO
events that s assumed for the system. The minimum
forecast skill necessary for a positive net prasent value
for the ENSO carly warning svstem is 69% |f a 0%
per year adopiion rate is assumed, 685 if the 20%
adoption rute is assumed. and 87% if there 15 instant
adoption (full wdoption in year 1) of the ENSO early
wurning system. Conversely, the fregquencies of ENSO
phases have a significant effect on the value of infor-
miation. Specifically, if a time period is selected with
more Bl Nifie-and La Nifa phases (this 51 years histor-
1cal revord and & hypothesized increase in such phases
as may oveur under global warming), the value of u
lrecast svstem inereases over thal of o shorter fime
period (19 vears).

The values estimated in this exploratory study
showld be viewed as lower bound estimutes. of the
value of an ENSO early warning svstem for Mexican
agriculure for several reasons: (1) benefits are not
estimited for other parts of Mexican agriculture. such
as non-commercial (subsistence) agricultural areas,
areas where there is only a wesk ENSO signal that s
not very predictable. and the livestock sector: 121 ben-
efits are not measured 10 terms of their implications
for international agricubiral markets; (3) benefits do
not inelude benefits that could ocour with adjustments
I energy Zeneraion, waler mandgement, nor any
dther ecanomic sectars that may be positively affected

by the existence of an ENSO early warming svstem:
and (4} the only decisions farmers make in the present
model solution 15 crop mix (adding decisions on live-
stock, crop planting and harvest timing and varieties
planted would inerease the benefits estimate),
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